Abstract-In the High Atlas Mountains in Morocco there are small towns, called Ksour, made of rammed earth that present high deterioration risk. Lots of urban centers are still in good conditions, but in the last years, due to many economical and social problems, a great part of them are disappearing. The first step of our study is based on the gathering of information about the environment of ksour architecture with the aim to produce an updated cartography of the area of study: the Outat Valley in Midelt. In the last campaign during November 2011 we tested photogrammetric aplications with the aim to produce high density mesh models. The aims of these models are to carry out comparative analysis about dimensions, constructive techniques and formal features of these settlements and build a virtual reconstruction. Usually we refer to the two-dimensional analysis for the study of architectural types originated by archaeology. In this case, the two-dimensional analysis of the design is based on the conversion into three-dimensional models.
INTRODUCTION
The High Atlas is part of one of the four natural barriers that divide eastern from western Morocco. This very large range is full of mountain folds, due to large gaps between their innumerable massif and deep, narrow valleys generated there. The maximum altitude is given by the Jbel Toukbal with its 4.165 m. at the west; the area under investigation is the Jbel Ayachi with the highest peak at 3.747 m. This mountain range acts as a natural border between Morocco and Mediterranean pre-Saharan oasis, where we find many fortified cities of earth, like Ait Ben Haddou or Taourirt in Ouarzazate, the Kasbah of Tamnougalt near Adgz.
While in the south of the High Atlas these cities have led to the creation of tourist routes (Route of the 1.000 kasbashs) [1] , on the northern side this architecture is practically falling into oblivion. Perhaps the fact of being an inland area, away from the coast and therefore from the large urban centers, followed by the fact that the fortifications (ksar) in this area have a rougher and humble type of construction, are factors that have influenced the lack of attention, awareness and dissemination they deserve.
II. AREA OF DIRECT INTERVENTION
Our research focuses on the north side of the High Atlas, specifically in the Outat Valley, located northeast of the Jbel Ayachi. The valley is situated almost unexpected inside the great plateau of Adaghoual; it is especially characterized for its fertile and cultivated margins. The landscape shows its green and well organized beds, contrasts sharply with its surroundings, looking practically deserted.
The main town of the valley is Midelt (1.508 m.), founded early last century after the French occupation, reaching an important mining activity during the first half of the XX century. The mines, mainly lead, were exploited by the French during the Protectorate, now being abandoned by the Moroccans because of its low profitability.
Despite the little interest aroused by the city itself, if we enter the valley we see that it has great potential both natural, and cultural with special regards to its architectures, witnessed by their fortified settlements of earth, in most cases still inhabited.
The origin of Outat river as a place of settling occurs in the early nineteenth century. During this time a faction of the berber tribe Ait Izdeg, at that time resident in the valley of Ziz, parts from the tribe and goes beyond the mountains looking for new lands to occupy. This migration occurs because of two factors: the great drought that isolated the south of the country from 1776 to 1782 forcing many berbers to seek new pastures [2] for their flocks [3] , and at that time the High Atlas offered agricultural areas and abundant water resources, plus the constant tribal warfare that occurred in the south caused many to flee to the mountains seeking refuge [4] . This tribe was gradually joined others such as Ait Hadidou or Ait Ouafella, followed subsequently by Ait Mergad.
On this theme, Charles de Foucauld, who visited the Outat Valley during the years 1883 and 1884, provides the first written reference to the occupation of the valley. This adventurer collects in his work "Reconnaissance au Maroc" the relationship between existing ksour at the time on both sides of the river from its source in Tatiouine to the today area of Midelt. In addition he provides, although with a not too scientific methodology, a first idea of the size and capacity of the ksar, because he gives us the number of guns in each one of them, meaning thereby the number of men of fighting age [5] .
III. KSAR SAMMOURA
Ksar is called to the fortified city, built with rammed earth walls, where one or more families dwell, generally belonging to the same tribe or fraction, and built in order to protect themselves from possible attacks.
Usually when building a berber ksar, they seek proximity to water and geographical conditions that give optimal protection against a possible enemy attack.
Its elevated position with respect to the valley gives a great visual on it, keeping under control the territory in all directions. In addition, its proximity to the mountains guarantees shelter in case of a possible attack by the plateau.
According to several authors [6] the ksar Sammoura belonged to the family of Ben Brahim Issomour leading warrior from the Ait Izdeg. In 1854 he was named Kaid of the lands of the Sultan Outat Moulay Abderrahmane, as a reward for his support in the struggle against the independent tribes of Tafilalt [7] .
A. External Enclosure
The ksar is at 1.530 m. of altitude, occupying an approximate area of 1.200 m 2 . The construction technique used is rammed earth and bricks for the upper parts. The wall thickness varies between 50 and 90 cm., reducing as it rises.
The plant is approximately square, with a maximum length of 33 m. for each side approximately. In the corners are four watch towers, as bulwarks characterized by truncated pyramid shape, taller in comparison to other walls. These towers have at tops typical decorative elements of the berber people, the talsiut [8] , which are repeated constantly on the walls of the watch towers.
B. Internal Pattern
From the analysis of the remains of the walls there is a regular and orderly urban pattern, typical of berbers ksour [9] . The interior is organized around a main road (Iεalu) whose axis is east-west oriented. Perpendicular to it we find several cross streets of less width dividing the ksar by means of sort of checkerboard geometry. Today, because of the state of conservation of the ksar, we cannot determine the indoor and outdoor areas of the streets, but following the pattern provided by other ksour, they are apparently being fully covered, except for the crossings (in general discovered), providing light to the interiors and providing proper ventilation.
In its geometric and ordered division there is a more relevant part, for its size and for the decoration's remains in the upper level of its walls, which could identify as the main residence of the ksar.
IV. DATA ACQUISITION AND TOPOGRAPHIC SURVEY
The campaign presented logistic difficulties as: absence of electricity supply, considerable distance from the main communication roads, difficult and unsafe access to the site, etc. Consequently the planning of data gathering had great importance, because during the short available time it was essential to acquire all the main features of the ksar for providing a representation suitable with the following purposes: documentation of the ksar and its environment through conventional 2D CAD drawings, low resolution model of the state of conservation of the ksar's remains, reconstruction of former constructive phases of the ksar, for a typological reading of the ksar Sammoura inside the frame of the Outat Valley. The survey of the ksar plan was based on topographic data acquisition, carried out by means of a total station Topcon IS (Imaging Station) that is a robotic station capable of measuring distances to a maximum length of 3.000 m.
The photographic campaign was carried out using a Nikon D5100 with a camera lens AF-S Nikkor 18-55mm; all the shots used for photogrammetric survey have a resolution of 4928x3264 pixels and were taken with a constant focal distance of 18 mm.
Once achieved the plan of the ksar it was georeferenced using G.P.S. coordinates, and in addiction it was referenced also the digital terrain model (DTM) of the valley carried out during previous campaigns [10] .
The sets of multiple overlapping images describing details or large parts of internal or external walls were then imported inside Agisoft PhotoScan for the construction of 3D mesh models. This application implements structure from motion (SfM) algorithms capable to detect homologous points belonging to each photograph with the aim of monitoring their positions throughout multiple shots.
After a first computation, the position of those feature points is represented as a 3D point cloud that is a simplified structure of the acquired scene in a local coordinate frame [11] . The second step allowed from the program is the construction of a dense 3D mesh that in our case study will be used as a template for the construction of simplified models.
For the determination of the rotation and scale parameters of the 3D model obtained through photogrammetry we imported data from the topographic survey, as .TXT file inside AgiSoft Photoscan as Ground Control Points (GCPs).
V. MODELING PROCESS
The aim of the 3D models developed by the research group during this ongoing study on the Outat Valley is to provide a complete but simplified representation of the main typological aspects of all these fortified settlements. The degree of accuracy of the output models of our research is quite distant to that obtainable by means of common terrestrial laser scanner (TLS) or photogrammetry because in this case the aim of a 3D digital model is to facilitate a general reading of the parts forming a building and then compare them to other examples from the Outat Valley.
But the problem of geometric resolution is not just related to the reduction of the number of polygons, because the topographic survey of the environment, in particular of the hill of Sammoura, is formed by contour lines that provide a low detail representation, even lower than that needed for a typological representation.
How is it possible to make similar and consequently compatible the resolution of the environment and that of the ksar's remains? The adopted strategy was centered on choosing a representation technique capable of increasing the level of detail of the digital terrain model (DTM) and at the same time to lower the resolution of the dense meshes in order to create digital models capable to coexist inside the same rendered images.
We adopted subdivision surfaces for the construction of the DTM that thanks to their variable level of detail can increase or decrease their resolution during the rendering phase.
For the ksar's remains it was adopted a hybrid technique: for the parts surveyed by means of photogrammetry it was used the retopology technique [12] ; for the parts where only topographic survey was possible we adopted direct modeling tools.
Retopology is a special type of remeshing aimed at reconstructing manually or automatically a highly detailed template model, in general made of triangles: this technique is aimed at rebuilding the geometry by means of quadrangular (quad) polygons following the principal directions of a dense unstructured mesh.
For an effective retopology the first and most important step is the analysis of the object's shape: detecting its main features and using them as templates to trace out. Retopology tools can be very different depending on the application; in our case we opted for Luxology Modo that basically implements two ways to reconstruct high-poly meshes:
-Interactive creation of bands of quadrangular polygons.
-Interactive projection of a mesh made of quadrangles on high-poly template mesh.
For example the access portal of the ksar is characterized by the classic moorish arch framed between two lateral pilasters (Fig. 5, b) : the bended edges defining the arch, so as the vertical surfaces at the sides can be considered as the equivalent of the primary surfaces of the reverse modeling methodology [13] . In this case the user has to define rows or columns of quadrilateral polygons instead of NURBS curves forming primary surfaces defined by primitives, generatrix and diretectrix curves. The secondary surfaces are the connections of different rows of polygons and will be constructed by means of the bridge command.
The reconstruction of large planar surfaces can be easily carried out using the projection of structured meshes on dense templates from photogrammetry (Fig.6, a and b) . The geometrical resolution of the projected mesh is a critical factor for the final result because the average length of its edges has to comply with the final goal of the simplified model (typological model). 
VI. CONCLUSIONS
Retopology is becoming the homologous of reverse modeling in the field of 3D modeling applications for entertainment because unstructured meshes are harder to map and animate, in our case the more convenient aspect of using quad dominant meshes is the possibility to convert them in subdivision surfaces.
The approach to reconstructive historical hypothesis is based on the study and documentation of archaeological heritage that necessarily involves three-dimensional surveys characterized by high accuracy, but also need a customized approach to solve problems concerning not just the gathering of data, but also their representation in a standardized and reliable way.
An architectural heritage so far and belonging to a country where liberty circulation of people and materials is not always guaranteed are critical factors to take into account during the planning of activities: selection of light equipments, customs bureaucracy, etc.
In addition, the time factor can be considered another fundamental aspect of the global logistics of the research because some ksour are so far from the main towns and not achievable by means of the main paved roads, that their survey has to be carried out in few hours; in addiction it is not safe to camp in such areas during the night.
In this case study, we have travelled almost 2.000 km., from Valencia (Spain) to the centre of Morocco, making each time a trip that includes the crossing of the Straits of Gibraltar by boat, for a total of 4.000 km. using off-road vehicle, including river crossings and tracks of earth in the study, in many cases using local population as guides.
The solution of new photo-modeling applications based on structure from motion algorithms (SFM) in combination with the accuracy provided by active sensors as total station was the more proper solution in order to provide great quantities of data in a limited time. Automated solutions implemented in the pipeline of such applications can be considered the more economic and effective way to front the massive acquisition of formal and chromatic information aimed at a typological study. In any case the accuracy provided by these packages is quite high for our research purpose; also taking in consideration the geometrical detail of the 3D models we are constructing.
